INTRODUCTION {#s1}
============

Nearly half of all diabetic patients also suffer from neuropathy, the most common form being diabetic peripheral neuropathy (DPN)[@r1]^)^. DPN is characterized by a length-related distal distribution of sensory and motor symptoms, as well as autonomic involvement[@r2], [@r3]^)^. Despite extensive research, the pathophysiology of DPN is still not well known[@r2], [@r7], [@r8]^)^. Common symptoms of DPN include pain, tingling, loss of sensation, a feeling of heat in the lower limbs, and loss of balance[@r4],[@r5],[@r6]^)^. DPN patients have been reported to have significantly decreased ankle movement perception and large changes in postural sway compared with normal individuals[@r9]^)^. It has been proposed that the loss of sensation associated with DPN contributes to impaired balance and altered gait patterns that lead to the increased risk for falling seen in DPN patients[@r10]^)^. However, the previously attempted therapeutic interventions targeting the peripheral nervous system in DPN patients[@r11]^)^ suggests that other systems may be involved in the pathophysiology of this disease.

Although DPN has long been considered a disease of the peripheral nervous system, recent evidence has indicated central nervous system involvement[@r12],[@r13],[@r14]^)^. Selvarajah et al.[@r12]^)^ reported that a reduction in spinal cord area index was correlated with DPN, suggesting that even in the subclinical stages of DPN, extensive and possibly irreversible damage of the spinal cord may occur.

With this in mind, it is possible that the spinal reflex, which is critical for balance control, may be affected in DPN patients. The spinal reflex plays a critical role in group la monosynaptic projection and α-motorneuron activation[@r15]^)^. Recent studies have reported that the inhibitory or excitatory influences of the spinal reflex are highly correlated with postural sway and stability[@r16],[@r17],[@r18],[@r19],[@r20]^)^. It has been reported that balance tasks induce a decrease in Ia-motorneuron communication, leading to increased levels of presynaptic inhibition (PI)[@r21], [@r22]^)^. PI is produced by primary afferent depolarization of axon terminals caused by increased Cl^−^ permeability across the terminal membrane[@r23]^)^. Furthermore, the frequency of spindle afferent feedback has been reported to increase during isometric contraction[@r24]^)^, actively controlled standing balance[@r25]^)^, and walking[@r26]^)^.

To the authors' knowledge, no studies have examined the levels of PI in DPN patients. It was hypothesized that since spinal cord activity has been reported to be affected in DPN patients, PI may be affected as well, indicating that it plays a role in the decreased balance observed in DPN patients. The purpose of this study was to compare the differences in PI and balance in subjects with and without DPN to determine the influence of PI on balance in DPN patients.

SUBJECTS AND METHODS {#s2}
====================

Two groups of age- and gender-matched participants were recruited for the study. Eight participants with diabetic peripheral neuropathy (4 males and 4 females) were assigned to one group, and eight healthy participants (4 males and 4 females) were assigned to the other group. The eight participants in the diabetic group had been diagnosed with diabetic peripheral neuropathy by their family practitioners and were recruited from local hospitals, pain clinics, rehabilitation centers, and diabetic support groups in the Salem and Portland, Oregon, areas. The exclusion criteria were participants who had sustained spinal or lower leg injuries (hip, knee and ankle) in the 12 months preceding the study. Written informed consent was obtained from each participant before the study. The Institutional Review Board at Willamette University reviewed and approved the study.

The double-leg static balance of the subjects was measured using the Biodex Balance System (Balance System^TM^ SD). Prior to testing, a demonstration of the proper balance posture was given, followed by a 3-trial practice test. The proper posture consisted of an eyes-open double-leg static balance stance with the hands on the hips. Once the participant was familiarized with the testing protocol, the testing session, consisting of three trials for 20 seconds each, was started. Ten seconds of rest was allowed for the participants between each trial. The overall stability index was used to measure postural sway of the subjects. The overall stability index, presented as the deviation index (DI), shows the variance of foot platform displacement in degrees for all motions during the test. High scores indicate a mass amount of movement during the test, alluding to a less stable participant. Low scores denote the opposite: less movement indicates a more stable subject. The formulas used to calculate the overall stability index are shown below.

The "Center of Balance" (COB) is the reference point for a perfectly balanced state, i.e., COB x = 0; COB y = 0[@r27]^)^

Prior to electrode placement, the skin of the lower leg of each subject was shaved and cleaned with alcohol to reduce signal impedance. Bipolar recording electrodes were then placed over the belly of the soleus. A self-adhesive ground electrode was secured over the lateral malleolus. The raw EMG signal was amplified and digitally converted at 2,000 Hz. The signal was band-pass filtered online (10--500 Hz) and collected for a 250 millisecond duration.

For paired reflex depression testing, the subjects were tested while lying prone on a padded table with the ankles positioned at 90°. Their faces were pointed down towards the relax pad on the table, and they were asked to relax their arms and put them at their sides and to keep their ankles dorsiflexed at the angle (90 degree) directed by the examiner. To elicit and record muscle responses and stimulation intensity, an EMG channel with surface electrodes (MP100, BIOPAC Systems Inc., Santa Barbara, California, USA) and a stimulating unit (STIM100C, BIOPAC Systems) and isolation adaptor unit (STIMSOC, BIOPAC Systems) was used to elicit the H-reflex. For the paired reflex depression (PRD) testing, the standardized H-reflex stimulation intensity was set up with an 80 ms delay between the first and second stimulation. The stimulus intensity was set to elicit H-reflexes at 25% of Mmax. Mmax was determined when the stimulus plateaued the motor response. A series of 10 paired reflex depression trials were completed in the dominant leg. The average change of the second H reflex relative to the first H-reflex amplitude was measured (unconditioned/conditioned \* 100).

RESULTS {#s3}
=======

DPN patients showed less PI than the normal subjects (47±30% vs. 75±22%, p\<0.05), as well as decreased balance (0.65 ±0.24 vs. 0.38±0.06, p\<0.05) ([Table 1](#tbl_001){ref-type="table"}Table 1.Differences in PRD and SI between the groups of DPN and healthy elderly participantsGroupsPRD (%)SIDPN46.6±29.70.65±0.24Normal74.7±22.30.38±0.06PRD: paired reflex depression; SI: stability index; DPN: diabetic peripheral neuropathy). No significant correlation was found between PI and balance score (R=0.37, p=0.15) ([Table 2](#tbl_002){ref-type="table"}Table 2.Linear relationship between PRD and SI in the DPN and healthy elderly participants. The linear relationship was not statistically significant (p=0.15)No.DPNNormalPRD (%)SIPRD (%)SI140.00.7393.300.30286.800.6324.500.30310.200.7689.00.43489.00.6682.400.43512.200.5676.700.40633.201.1390.500.40752.00.3365.300.35849.300.4376.300.50PRD: paired reflex depression; SI: stability index; DPN: diabetic peripheral neuropathy).

DISCUSSION {#s4}
==========

DPN has been reported to cause significant impairments in diabetic patients, including loss of balance. Despite this serious clinical concern, the etiology of DPN's role in loss of balance is still not well known. Recently, it has been suggested that in addition to the peripheral nervous system (PNS), the central nervous system (CNS) also plays a role in DPN. This was the first study to investigate the role of the spinal reflex in balance in DPN patients. The spinal mechanism was quantified through the level of PI of the spinal reflex. It was found that DPN patients possessed significantly lower PI and balance ability than normal subjects.

DPN patients possessed significantly lower balance ability than normal subjects (0.65 ±0.24 vs. 0.38±0.06, p\<0.05). Although several previous studies have reported similar results[@r10], [@r28],[@r29],[@r30],[@r31]^)^, the etiology of this discrepancy is still not well known. Based on previous literature reporting CNS involvement in DPN[@r12],[@r13],[@r14], [@r32]^)^ we hypothesized that the spinal cord may influence balance in DPN patients and therefore that PI may be affected as well.

DPN patients showed less PI than the normal subjects (47±30% vs. 75±22%, p\<0.05). Although previous studies have conducted EMG tests to detect the H-reflex in diabetic patients[@r33], [@r34]^)^, none have measured the level of PI using a paired-reflex depression protocol. These studies revealed that the H-reflex is often not even measurable in some patients. Trujillo-Hernández et al.[@r33]^)^ reported that the H-reflex was absent in 22% of patients. Similarly, Marya et al.[@r34]^)^ reported an H-reflex abnormality consisting of either prolonged latency or complete absence in 54% of diabetics.

Alternatively, many studies have investigated the influence of PI on balance in nondiabetic subjects[@r16], [@r21], [@r35], [@r36]^)^. It has been reported that increased levels of PI lead to changes in postural sway[@r21],[@r22],[@r23], [@r37]^)^. Kitano et al.[@r21]^)^ measured PI through the H-reflex of the soleus muscle and found that PI increased by 50% after a complex balance test. PI is an indicator of the efficacy of the spinal pathway between group Ia afferent neurons and α neurons[@r17]^)^. Furthermore, presynaptic modulation of the stretch reflex allows muscle stiffness to be controlled independent of the level of activation[@r38]^)^. Therefore, PI is functionally significant in that it is an indicator of fine motor control[@r39]^)^, and it is reasonable to assume that an individual with decreased levels of presynaptic modulation may experience decreased fine motor control and therefore balance.

There are several possible mechanisms that may contribute to the decreased level of PI seen in DPN patients in the present study. The decreased level of PI indicates that spinal cord involvement is evident. Although few studies have investigated the role of the spinal cord in DPN, several mechanisms have been suggested[@r13]^)^. One mechanism proposed is damage to the peripheral nervous systems resulting in secondary spinal cord shrinkage, which causes the cord to die back[@r11]^)^. In addition, Ziegler et al.[@r40]^)^ suggested the subcortical lesions may be a contributing factor in the spinal cord damage in DPN patients. Furthermore, postmortem studies have suggested that axonal loss, gliosis, and demyelination within the spinal cord may contribute to the CNS involvement seen in DPN[@r14], [@r41]^)^. However, these studies did not directly examine DPN patients specifically, and therefore they can only be used as the basis for speculation. This lack of research indicates that the role of the CNS and spinal cord involvement in DPN needs to be examined further.

When examining both DPN and normal subjects, we found a linear relationship between PI and balance ([Table 2](#tbl_002){ref-type="table"}). Although this relationship was not significantly different between the groups, a notable trend was observed. A larger subject pool may have revealed significant results.

A paired-reflex depression protocol (PRD) was used to measure PI. This protocol has been used previously to measure PI[@r20], [@r22], [@r42],[@r43],[@r44]^)^. Previous studies have reported that the PRD is a means of objectively and reliably measuring spinal mechanisms, with a reliability index of 0.93 to 0.97[@r20]^)^. The PRD involves a pair of pulses separated by 80 ms. The 80 ms time interval negates influences of concurrent inhibition or Ib inhibition that would influence the first pulse[@r45]^)^, and therefore the second reflex represents the true activation of the spinal reflex, or level of PI[@r46]^)^. PI is an important measure of the spinal mechanism because it involves the depolarization of afferent neurons by inhibitory interneurons under descending control. Previous findings on the influence of descending pathways on primary afferent depolarization emphasize that the descending pathways can influence both the level of GABAa PI and effectiveness of peripheral afferent feedback of la afferents[@r22], [@r47]^)^. Additional studies have indicated that the amplitude of the H-reflex varies directly with the afferent return arriving at the Ia afferent motor neuron synapse[@r39]^)^.

Since this was the first study to measure PI in DPN patients, further research is needed to further examine the role of PI in DPN. MRI studies measuring the spinal cord area could provide further support for spinal cord and subsequent CNS damage in DPN patients. Furthermore, measuring the change in PI over time could help determine the progression of CNS damage throughout the course of the disease. Lastly, the influence of the metabolic effects of DPN on balance could also be investigated. It has been suggested that the metabolic changes seen in DPN (hyperglycemia, insulin resistance, dyslipidemia, hypertension, etc.) have a general effect on the nervous system[@r48], [@r49]^)^ and thus may play a role in spinal cord atrophy[@r12]^)^. Therefore, determining if there is a relationship between metabolic changes and balance may also provide insight in the pathophysiology of DPN.
